Introduction: Oldenlandia corymbosa L. and O. herbacea (L.) Roxb. are species of the genus Oldenlandia in the family Rubiaceae. They are common weeds found in temperate and tropical regions of Africa and Asia. Methods: Phytochemical and proximate evaluation of the leaf, stem and root of Oldenlandia corymbosa L. and O. herbacea (L.) Roxb. were carried out with standard analytical methods, in order to assess the potentials of the plants' parts. Results: Greatest percentage of alkaloid at 1.72 ± 0.00, anthraquinone at 2.78 ± 0.03 and tannin at 3.16 ± 0.24 were found in the leaf of O. corymbosa while highest level of flavonoid at 1.32 ± 0.00% was present in the leaf of O. herbacea. Highest concentration of crude protein at 13.87 ± 0.04% was detected in the leaf of O. corymbosa. Level of fat was relatively the lowest in all parts of both species. Greatest level of hydrogen cyanide was found in the leaf of O. herbacea at 3.41 ± 0.01 mg/kg followed by the values in the leaf of O. corymbosa at 2.29 ± 0.01 mg/kg and stem of O. herbacea at 2.72 ± 0.00 mg/kg. The values were considered significantly different at P < 0.05.
INTRODUCTION
Oldenlandia corymbosa L. and O. herbacea (L.) Roxb. are species of the genus Oldenlandia in the family Rubiaceae. They are common weeds found in temperate and tropical regions of Africa and Asia [1] . Oldenlandia corymbosa is an annual herb with ascending or erect 4-angled stem. Leaves are linnear-oblong or narrow elliptic, almost stalkless, measuring 1-3.5 cm long and 1.5-7 mm wide [2] . On the other hand, the stem of O. herbacea is much branched (wiry stem) often intertwined. Leaves are small, linear-lancelaote, flowers are solitary or in pairs on long stalks, axillary at the nodes, up to 5 mm in diameter, white or mauve and it fruits possess small round capsule [3] . Quite a number of ethnomedicinal uses of O. corymbosa and O. herbacea have been reported. Oldenlandia corymbosa is used traditionally in curing or preventing stomach ache and many other illnesses [4] , as a liver protective [5] , as an anti-inflammatory drug with anti-bacterial properties [6] as well as in the treatment of viral infections, cancer, acne, skin ailments, hepatitis, eye disease and bleeding [7] . In addition, a decoction of its leaves and bark is considered expectorant and is also used as a wash for poisonous bites [8] . Meanwhile, the whole part of O. herbacea has been reported to be anthelmintic, anti-inflammatory, expectorant, stomatic and tonic [5] . It is also useful in treatment of elephantiasis, fever, dyspepsia, flatulence, colic, asthma, bronchitis, ulcers and hydrocele. Secondary metabolites are organic compounds that do not perform a vital function in metabolic pathways. In other words, they are not directly involved in the normal growth and development of a plant. They occur naturally in plant tissues and the uses of plants as medicine depend wholly on their presence and level; thus, presenting plants as the primary sources of bioactive molecules for formulation of new drugs. The active metabolites can be extracted from either the plant parts or the whole plant. The pharmacological actions exerted by medicinal plants are either based on the synergy or individual effects of the phytochemicals present. Moreover, their synthesis and accumulation are generally based on the plant species, age, season as well as climatic factors. Phytochemicals also provide chemical information which has been proven useful in determining the relationships among plants.
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The objectives of this research, therefore, were to determine and compare the phytochemical and proximate compositions of the leaf, stem and root of both O. corymbosa and O. herbacea with the view to revealing their ethnobotanical potentiality as food and medicine, as well as providing plants with rich contents of active metabolites for synthesis of new drugs. In addition, the chemical characters of these species of Oldenlandia could be useful as additional features for their identification and probably also be helpful in the current Hedyotis-Oldenlandia complex.
METHODS

Source of Materials
Oldenlandia corymbosa and O. herbacea was collected in May, 2015 beside female hostel and Confucius Institute, respectively both in Nnamdi Azikiwe University, Awka, Anambra State, Nigeria. The voucher specimens were deposited at the herbarium of the Department of Botany, Nnamdi Azikiwe University, Awka, Anambra State, after proper identification and authentification.
Preparation of Materials for Analysis
The two plant species were collected and washed properly under a running tap water and was then left to dry at room temperature for 10 days. After that, it was ground properly into powdered form. The powdered samples were then placed in different air tight containers which were properly labelled and kept for analyses.
Extraction
Each of the dried powdered plant materials (100 g) was packed into a soxhlet apparatus (2 L) and extracted exhaustively with 500 mL of diethyl ether (75˚C) for 6 hours. The ether was evaporated using a Cole-Parmer Desiccator (EW-06525-24, USA) and then left overnight at laboratory temperature for evaporation of the remaining ether. The test solution of each extract was prepared by dissolving 10 g of crude plant extract separately in 100 mL sterile distilled water in a 250 mL Erlenmeyer flask in a water bath (1083, Germany) at 80˚C for 2 hours. Extracts were subsequently filtered through four folds of cheese cloth.
Qualitative Phytochemical Screening
The plant extract was then subjected to phytochemical screening for major secondary metabolites present in the leaf, stem and root of the two Oldenlandia species with the following standard procedures:
Test for Saponins
One milliliter of the filtrate of each of the samples was diluted in 1 mL of H 2 O and shaken vigorously. A strong Frothing confirms presence of saponins.
Test for Alkaloid
One milliliter of the extract of each of the samples was shaken with 5 ml of 2% HCl on a steam bath and filtered. To one milliliter of the filtrate Wagner reagent (iodine in potassium iodide solution) was added. A reddish brown precipitate confirms its presence.
Test for Flavonoids
One milliliter of the extract of each of the samples was diluted in 1 mL of diluted NaOH. Formation of precipitate shows the presence of flavonoid.
Test for Tannins
One milliliter of the extract of each of the samples was added to 2 mL of 1% HCl. Deposition of a red precipitate shows the presence of tannin.
Test for Hydrogen Cyanide
This was done using spot Paper Test. One milliliter of the extract of each of the samples was added with 2 drops of toluene solution. A change from the yellow color of the paper to brick red color is a positive result for hydrogen cyanide.
Test for Steroids
One milliliter of the extract of each of the samples was dissolved in 2 mL of chloroform in a test-tube and then one ml of concentrated H 2 SO 4 was added. Formation of reddish brown color at the inter-phase confirms the presence of steroid.
Test for Phenols
One milliliter of the extract of each of the samples was added with one mL of 10% ferric chloride. The formation of a greenish brown or black precipitate or color is taken as positive for a phenolic nucleus.
Test for Terpenoids
Five milliliters of the extract of each of the samples was mixed with 2 mL of chloroform and carefully added 3 mL of concentrated H 2 SO 4 to form a layer. A reddish brown color at the interface signifies the presence of terpenoids
Test for Anthraquinones
Ten milliliters of Chloroform was added to the extract of each of the samples. A greenish yellow precipitate indicates the presence of anthraquinone.
Quantitative Phytochemical Determination
Determinations of alkaloid, flavonoid and saponin contents were done by Alkaline Precipitation Gravimetric, Gravimetric and Double Solvent Extraction Gravimetric methods, re-spectively as described by Harborne [9] . The concentration of phenols was determined using the Folin-Ciocaltean Spectrophotometer [10] . Tannins content was determined by Folin Denis Colormetric method of Kirk and Sawyer [11] . Hydrogen Cyanide (HCN) determination was done by Alkaline Pikrate Colorimeter method of Trease and Evans [12] . Sterol determination was done using method outlined by Harborne [13] . Total terpenoid content of the two plant species was determined by the method described by Ferguson [14] .
Anthraquinone Determination
Five grams of the fine powder of the various parts of the two plant species was soaked in 50 mL of distilled water for 16 hours. This suspension was heated in a water bath at 70˚C for one hour. After the suspension was cooled, 50 mL of 50% methanol was added and then filtered. The clear solution was measured by spectrophotometer at a wavelength of 450 nm and compared with standard solution containing 1 mg/100 mL Alizarin and 1 mg/100 mL Purpurin with absorption-maximum 450 nm (nanometer).
Proximate Analysis
Determination of total ash was done by using the Incineration Gravimetric method [15] . Determination of crude fibre, fat, moisture, crude protein and carbohydrate contents were determined by the Weende method, gravimetric method, Kjeldahl digestion method (Crude protein, % = N% × 6.25) and difference method (CHO (nfe), % = 100 -(moisture content% + ash% + crude fibre% + fat% + crude protein%)), respectively [16] .
Statistical Analysis
SPSS software version 20 was used for the statistical analysis. All data were checked for normality (Kolmogorov-Smirnov Test) and tested for homogeneity (Leven Median Test). OneWay-Anova (F-Test) was used to analyze both phytochemical and proximate data of the various parts of O. corymbosa and O. herbacea at P < 0.05. Thereafter, Duncan's Multiple Range Test (DMRT) was used to compare the mean and the data were expressed as mean ± standard deviation of triplicate determinations.
RESULTS AND DISCUSSION
The result revealed various phytochemicals in the leaf, stem and root of Oldenlandia corymbosa and O. herbacea. They include saponin, terpenoids, tannins, alkaloids, flavonoids, anthraquinone, sterols, phenols and hydrogen cyanide ( Table  1) . The secondary metabolite which occurred in high concentrations in the two species include: alkaloid, anthraquinone, flavonoid and tannin while phenol, saponin, sterol and terpenoid were detected in low quantity. Levels of hydrogen cyanide in the leaf, stem and root of the two species were considerably low, hence, would be eliminated by heat. The alkaloid content of O. corymbosa varied from 1.72 + 0.00% in the leaf to 1.23 + 0.00% in the root whereas that of O. herbacea ranged from 1.62 ± 0.00% in the leaf to 1.09 ± 0.00% in the root. Meanwhile there was no significant difference between the alkaloid level of stem and root of O. corymbosa as well as between the amounts present in the leaf of both species. Alkaloids have been associated with medicinal uses for centuries and one of their common biological properties is their cytotoxicity [17] . Furthermore, they show significant effects on the central nervous system of animals from various studies. [21] . Highest flavonoid levels were found in the leaf of O. corymbosa at 1.25 ± 0.00% and O. herbacea at 1.32 ± 0.00%, followed by 1.05 ± 0.01% in the stem of O. herbacea and there was no significant difference (P > 0.05) among the levels present in the stem of O. corymbosa and root of both species. Concentrations of phenol was relatively low ranging from 0.24 ± 0.01% in the stem to 0.12 ± 0.00% in the root of O. corymbosa and 0.12 ± 0.00% in the stem to 0.11 ± 0.01% in the root of O. hrebacea. There was no significant difference (P > 0.05) between the amount present in the leaves, stem and root of both species. The levels of phenol in these species of Oldenlandia were relatively low. In addition, the terpenoid content of the plant species was low. It ranged from 0.26 ± 0.00% in the leaf to 0.15 ± 0.01% in the root of O. corymbosa and 0.32 ± 0.00% in the leaf to 0.20 ± 0.01% in the root of O. herbacea. There was no significant difference (P > 0.05) between the values of the leaf and stem of O. herbacea. Many terpenes have biological activities and are used for the treatment of human diseases [22] . They represent a diverse class of molecules that provide a wealth of opportunities to address many human health and societal issues [23] . Anthraquinone was present in an appreciable amount ranging from 2.78 ± 0.03% in the leaf to 1.34 ± 0.00% in the stem of O. corymbosa and 2.26 ± 0.00% in the leaf to 1.67 ± 0.05% in the root of O. herbacea. It was reported that anthraquinones were isolated from Primatomeris fragrans and that nordamnacanthal and damnacanthal exhibited antifungal activity while nordamnacanthal, damnacanthal, rubiadin and 1-hydroxy-2-hydroxymethyl-3-methoxyanthraquinone showed antituberculosis activity [24] . This is an indication that anthraquinone has therapeutic actions on human systems. The morphological features of O. corymbosa and O. herbacea are similar (Fig 1and Fig 2) and could sometimes create confusion during collection and identification. The prominent differences between the two plants were probably the stem structure and inflorescence type. Moreover, some botanists have placed some species of Oldenlandia including O. corymbosa and O. herbacea in a broadly defined genus Hedyotis while some regarded Hedyotis as the synonym. This is indicative of a taxonomic confusion as a result of the controversy of lumping or splitting these two taxa. However, the circumscription of Hedyotis has currently been narrowed to a monophyletic group of about 115 species and no longer includes Oldenlandia [25] . Furthermore, a more recent phylogenetic study suggested that Hedyotis should only in-clude most Asian species with erect, robust herbs or shrubs and diplophragmous capsules whereas Oldenlandia species structure consists primarily of African species, including the type O. corymbosa, which are characterized by small herbs, paniculate or corymbose inflorescence, inserted styles and stamens, and loculicidally dehiscenct capsules [26] . Application of chemical characters, therefore, might prove helpful as additional information for proper identification of these two species of Oldenlandia as well as resolving the on-going taxonomic controversy. Levels of alkaloid, anthraquinone, flavonoid and tannin were relatively high in parts of these species of Oldenlandia especially the leaf whereas phenol, saponin, sterol and terpenoid were detected in low quantity. In addition, amount of carbohydrate, crude fibre, crude protein, moisture, ash and fat were relatively high in the two species. Their ethnobotanical usefulnes as food and drug is highly encouraged and they could also be considered rich with these active molecules and nutrients for the purpose of extraction for manufaction of new drugs and food supplements. Nonetheless, the application of raw materials of these parts of these species of Oldenlandia as food and drugs is highly discouraged beacause it could pose a potential health hazard to the consumers as a result of the concentration of hydrogen cyanide. Moreover, chemical characters might be of great significance in generic circumscription of Hedyotis-Oldenlandia complex, which has been a long taxonomic problem.
